Erdheim-Chester disease (ECD) is a potentially fatal condition characterized by infiltration of multiple organs by nonLangerhans histiocytes. Although endocrine dysfunction has been reported in association with ECD, to date, there have been no previous reports of empty sella syndrome (ESS) associated with it. We report the case of a patient with ECD who had symptomatic ESS. A 55-year-old man of Chinese ethnicity initially presented with symptoms of heart failure, fatigue and knee joint pain. Physical examination revealed xanthelasma, gynaecomastia, lung crepitations, hepatomegaly and diminished testicular volumes. He had laboratory evidence of hypogonadotrophic hypogonadism, secondary hypoadrenalism and GH deficiency. Imaging studies showed diffuse osteosclerosis of the long bones on X-ray, a mass in the right atrium and thickening of the pleura and of the thoracic aorta on fusion positron emission tomography-computed tomography. Magnetic resonance imaging (MRI) of the brain showed an empty sella. The diagnosis of ECD was confirmed by bone biopsy.
Background
Erdheim-Chester disease (ECD) remains a challenging case to diagnose and treat. ECD should be considered in patients with hypogonadotropic hypogonadism and hypopituitarism on a background of multisystem infiltrative involvement. Thyroid infiltration is also extremely rare in ECD with only one case of thyroiditis associated with it reported thus far. The association that was found with Hashimoto's thyroiditis as in this case highlights the importance of further research that should be undertaken with regard to autoimmunity as a possible underlying mechanism in the development of this fascinating disease.
Case presentation
A 55-year-old Chinese man presented to the hospital with fatigue, knee joint pains and breathlessness on exertion that had been worsening over the last few weeks. On examination, he was found to be in fluid overload with bilateral lung crepitations, a raised jugular venous pressure and pitting oedema up to midshin. It was noted that he also had non-tender hepatomegaly, gynecomastia and bilateral xanthelasma (Fig. 1) . Both testes showed diminished testicular volumes. Initial routine laboratory investigations including haemoglobin and haematocrit were normal as was his renal function. There were no electrolyte abnormalities nor were there any osmolar disturbances in the serum or urine. Total cholesterol, HDL, triglyceride and LDL levels were 3.29 mmol/l, 0.47 mmol/l, 1.47 mmol/l and 2.15 mmol/l respectively on a fasting lipid panel. A two-dimensional echocardiogram showed that the ejection fraction was 70% and the heart valves were unremarkable. A small 2.5!1.3 cm mass was noted on the posterior wall of the right atrium extending superiorly. There was no pericardial effusion. Holter monitoring was done for 24 h, and it revealed tachy-brady syndrome, atrial fibrillation and long pauses of up to 4.8 s. This cardiac dysrhythmia likely explained his congestive cardiac failure.
He recalled that the thickening around his eyelids had started appearing about 10 years ago and that 7 years ago he had a significant history of polydipsia and polyuria for 1 year. He drank 4-5 l/day and passed urine more than ten times per day, awakening four to five times every night to pass urine. He did not visit a doctor then. The symptoms spontaneously resolved without treatment. He stated that he had noticed breast enlargement a few years ago but had not sought medical attention for it nor for the reduced early morning erections or decreased libido he had been experiencing for years. He has two children.
Investigation
Computed tomography (CT) scan of the body showed soft tissue thickening around the pericardium, thoracic aorta (Fig. 2) , coronary arteries and left renal artery. There was also pleural thickening, pulmonary fibrosis and retroperitoneal lymphadenopathy. A skeletal X-ray survey showed widespread osteosclerosis of the long bones (Fig. 2) .
Endocrine evaluation showed multiple anterior pituitary hormone deficiencies with hypogonadotropic hypogonadism, secondary adrenal insufficiency and growth hormone (GH) deficiency (Table 1) . Interestingly, his thyroid function testing revealed primary hypothyroidism with free thyroxine level of 11 (11.8-24.6) pmol/l and thyroid-stimulating hormone level of 16.2 (0.27-4.2) mIU/l. His anti-thyroglobulin antibody titre was significantly raised at 939 (10-115) IU/ml. A magnetic resonance imaging (MRI) of the brain and pituitary showed features of the empty sella (Fig. 2) . The pituitary gland was thinned out and flattened. The pituitary stalk was central. There was loss of T1 signal hyperintensity of the posterior pituitary. The sella turcica was not enlarged. A fusion positron emission tomography (PET)-CT scan showed multisystem involvement with hypermetabolic activity in the long bones, pericardial soft tissue and perivascular soft tissue.
The patient underwent a bone biopsy of the femur, which showed small clusters of CD68 and CD163 immunopositive foamy macrophages. S100 and CD1a immunostaining was negative (Fig. 3) . This is diagnostic of ECD (1).
Treatment
Although the complete mechanism of action still remains to be elucidated, pegylated interferon (IFN) alpha-2a has been shown to improve survival rates in this disease, and this was initiated at a dose of 180 mg subcutaneously once a week. Daily oral prednisolone at a dose of 50 mg daily was started. In view of his symptomatic hypogonadism, he was also started on transdermal testosterone gel 1% daily. He was also started on levothyroxine 50 mg daily for his primary hypothyroidism. A cardiac pacemaker was inserted for his dysrhythmia. The patient was tested positive for BRAF mutation; however, the clinical significance to the treatment of ECD still remains investigational.
Outcome and follow-up After 1.5 years, his disease remains stable and there has not been any recurrence of pain and breathlessness since therapy was started. He is working full time. The repeat PET-CT scan at 6 months post-therapy showed partial metabolic response at all the skeletal lesions, and stable lesions in the pericardium, pleura and arteries. No new hypermetabolic lesions were noted. He is still on tapering dose of glucocorticoids as well as regular pegylated IFN alpha-2a, levothyroxine and i.m. testosterone undecanoate injections. His thyroid function normalized within 3 months of initiation of levothyroxine. As the thyroid pathology appeared to be primary in nature, re-testing the thyroid axis off levothyroxine would not be helpful or necessary. Re-evaluation of the patient's hypothalamopituitary-gonadal axis, GH axis and hypothalamopituitary-adrenal axis may be considered in the future if the patient is weaned off immunomodulator treatment and glucocorticoids.
Discussion
Although increasingly being identified, ECD still remains a rare entity and its diagnosis remains challenging. The disease can range from asymptomatic skin lesions to lifethreatening multi-organ failure. The diagnosis of ECD is based on clinical and radiological features and histology showing lipid-laden CD68 C CD1a K S100 K histiocytes surrounded by fibrosis (1) .
Although bone involvement is often the most characteristic sign of ECD, foamy histiocytic infiltration of any organ including the pituitary can occur (1). Hypothalamic involvement causing hypogonadotrophic hypogonadism as well as GH deficiency and hypeprolactinaemia have also been reported (2) . Hypogonadotrophic hypogonadism tends to occur early in the disease. He had a flattened and thinned out pituitary gland characteristic of the empty sella syndrome (ESS). This has not been reported previously with ECD even after years of follow-up.
ESS is a condition in which the sella turcica is partially or completely filled with cerebrospinal fluid (CSF), resulting in a displacement of the pituitary gland. It is characterized by distinct radiological and anatomical features (3). The condition may be primary or secondary. Secondary causes include previous pituitary surgery, radiotherapy and medical treatment for tumours of sellar region.
Endocrinological dysfunction is not common in primary ESS with it being reported in about 25-35% of patients (4). Our patient had hypopituitarism with hypogonadotropic hypogonadism, central hypocortisolism (inappropriately normal ACTH level with low baseline and stimulated cortisol levels) and GH deficiency. Mild hyperprolactinaemia has been associated in 15% of ESS, possibly due to pituitary stalk stretching (3) .
Although thus far not been reported in ECD, ESS has been noted to occur in association with Langerhans histiocytosis (5) and granulomatous disorders such as sarcoidosis (6) . It appears that the timing to progression to ESS is variable ranging from 12 months to 20 years after onset of the primary disease (5) (6) (7). The speed of progression may be faster if ischaemic flow to the pituitary causing infarction occurred (7). This does not appear to have been the case in our patient nor did he have any signs of raised intracranial pressure -another postulated mechanism of ESS (3). He did not have MRI findings of a previous cerebrovascular accident nor did he have any history of symptoms or signs suggestive of pituitary apoplexy or infarction. We postulate that in our patient, histiocytic infiltration of the pituitary must have been active in the early years of his ECD. He had loss of normal T1 enhancement of the posterior pituitary on MRI. Although this finding may be non-specific, the history the patient gave suggestive of a transient diabetes insipidus (DI) seven years ago gives it added weightage. This is corroborated by rare reports of patients presenting with DI 6-18 years before the diagnosis (1). The posterior pituitary consists of only the distal axons of the hypothalamic nucleus and so, lesions of the posterior pituitary rarely cause permanent DI since hypothalamic nuclei can still produce and secrete vasopressin directly into circulation. This appears to have been the case in our patient also. Subsequent destruction and flattening of the pituitary with development of pan-hypopituitarism may have resulted in the atrophy of the pituitary gland, which created space for the subarachnoid herniation and the finding of ESS on MRI. Thyroid infiltration is rare in ECD with only one case of Hashimoto's thyroiditis reported in association with ECD (8) . Our patient also has likely autoimmune thyroiditis in view of his raised anti-thyroglobulin antibody levels. Although the issue of whether the pathogenesis of ECD is due to a monoclonal neoplastic process or whether it is due to a polyclonal immune mediated one remains debatable and controversial, our finding sheds interesting light on the possible role of a common systemic perturbation in autoimmunity in the pathogenesis of both ECD and Hashimoto's thyroiditis. Although earlier case reports seem to suggest monoclonal proliferation as a potential mechanism in ECD, more recent work has shown alterations in cytokine and chemokine networks in ECD such as tumour necrosis factor alpha (TNFa), interleukin 6 (IL6), CXCL8/IL8 and IFNa, which were postulated to activate histiocytes in the disorder (9) . T-helper 1 cells predominate in Hashimoto's thyroiditis (10) and also in ECD (9) . However, expression of cytokines involved in these two diseases is different.
ECD is associated with high systemic levels of IL6, TNFa and low IL4 (9) whereas Hashimoto's thyroiditis is associated with raised IFNg and IL2 levels (10) . The role of unidentified pituitary antibodies in the development of the ESS in our patient also cannot be ruled out.
Skin infiltration in ECD causes xanthelasma and xanthomas, which are useful clues to this disease. This has been reported to be present at the onset in 11% of patients with the syndrome (2) . Recognising that xanthelasma can be a presentation of this disease especially when associated with normal lipid levels may help prevent the diagnostic delay that has been reported to occur in this rare and challenging disorder.
